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EFFECT OF STIR CASTING PROCESS PARAMETERS ON TRIBOLOGICAL 
PERFORMANCE OF Al6061-SiCp COMPOSITE 
 
A. A. Adebisi 1, M. A. Maleque 1, and K. A. Bello 1 
 
1International Islamic University Malaysia,  
Faculty of Engineering, Department of Manufacturing and Material Engineering, 





In this study, the tribological performance of Al6061-SiCp 
composite is investigated considering the influence of stir 
casting process parameters. The wear and frictional 
characteristics were studied using the dry reciprocating 
wear testing machine. Experimentation is generated through 
the central composite design (CCD) using a four factor five 
level design plan. The process parameters (reinforcement 
fraction wt%, stirring speed rpm, processing temperature °C 
and processing time s) are examined using ANOVA and 
multiple objective optimization (MOO) analysis. The result 
shows that stirring speed has the most significant 
contribution in controlling the wear and friction 
characteristics. Confirmation test is also conducted to verify 
and validate the process parameters in order to optimize the 
tribological output. Moreover, characterization of the 
composite wear scar mechanism is performed using 
scanning electron microscope. This study provides an 
effective method of minimizing the tribological properties 





The demand for superior performance and light weight 
materials for tribological applications in the automotive and 
aerospace industries has led to the development of 
advanced materials. Due to these requirements, metal 
matrix composite (MMC) have become attractive and are 
increasingly preferred over monolithic materials due to 
their high strength to weight ratio, toughness and 
tribological characteristics [1]. As a result, aluminium 
based particulate reinforced MMC has attracted much 
attention by researchers owing to its low density, high 
thermal conductivity, low melting point and the ability to 
be reinforced by a wide variety of reinforcement phases [2]. 
Moreover, numerous processing technique such as powder 
metallurgy, squeeze casting, liquid infiltration and stir 
casting can be employed in developing MMC. However, 
studies [3] have shown that stir casting process possesses a 
simple and cost effective route to fabricate particulate 
reinforced composite. With this, achieving optimal AMC 
properties has been major challenge due to the influence of 
several processing factors considered.  
As a result, it is of utmost necessity to consider the 
simultaneously interaction of these factors. This is because 
when two or more factors are investigated together, the 
effect of one factor on response depends on the level of the 
other factor. CCD has been a preferred method because it is 
a very efficient method to reduce the number of 
experiments with a large number of factors and levels. It 
provides high quality predictions in studying linear, 
quadratic and interaction effects of factors influencing the 
response [4]. It is also capable of achieving optimum 
conditions required to attain the best characteristic 
properties. Most studies conducted with experimental 
design are conducted using powder metallurgy route, 
however very limited report have been made on stir casting 
technique with CCD.Therefore, the aim of this study is to 
utilize the CCD to achieve optimal tribological performance 
of Al6061-SiCp composite. Crucial parameters considered 
for the stir casting process include the reinforcement 
fraction wt%, stirring speed rpm, processing temperature °C 




The CCD of response surface methodology (RSM) 
accommodates five levels of each factors comprising of 
factorial, axial and center points as shown in Table 1 
Table 1  Factors and levels in CCD plan 
Factors 
Levels 
-2 -1 0 +1 +2 
RF: Reinforcement fraction (wt %) 5 10 15 20 25 
SS: Stirring speed (rpm) 200 300 400 500 600 
PTemp: Processing temperature (°C) 700 750 800 850 900 
PT: Processing time (secs) 60 90 120 150 180 
Wear test is conducted with a dry reciprocating wear and 
friction monitor according to ASTM D 6079-97/EN 590. 
The test utilized an applied load of 50 N at 600 rpm for 30 
mins for each of the cast AMC from the design plan. The 
wear characteristics is calculated as expressed in the eq. (1): 





                              (1) 
Δm = mass loss, ρ = density, t = time 
  
4. RESULTS AND DISCUSSION 
 
According to ANOVA, the response (wear rate wr and 
friction coefficient µ) output indicates a quadratic 
relationship based on regression analysis with the 
processing factors. The tribological performance models 
suggested are dependent on the significant terms with p 
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values < 0.05. To improve the model and also optimize the 
results insignificant terms are eliminated. The fitness and 
adequacy of the tribological output (wr = 0.19, µ  = 0.15) is 
confirmed by ensuring the R2pred and R
2
adj has a difference 
of < 0.2. The factor with the most influencing impact in 
order of importance on wr are SS, PTemp and RF. Fig. 1 
shows the 3D surface plot of the process parameters 
interaction on wr. Fig. 1(a) depicts the influence of SS and 
PTemp which achieved a minimum wr of 1.21 x 10
-5mm3/min 
at 530 rpm and 825 °C. Also, Fig 1(b) shows that SS and 
RF which attained minimum wr of 1.22 x 10
-5mm3/min at 
520 rpm and 16 wt%. 
 
 
Fig. 1 3D surface plot of wr performance considering (a) SS 
and PTemp (b) SS and RF 
 
For µ , SS and RF are the only factors which influences the 
ouput performance. Stable µ  (0.39-0.41) is attained within 
the range of 500-540 rpm and 13-18 wt% respectively as 
shown in Fig. 2. 
 
Fig. 2  3D surface plot of wr performance for SS and RF. 
 
In optimization analysis, the condition required is to 
minimize the wr and µ  properties. Therefore, the MOO is 
used to achieve a set of process factors which 
simultaneously optimizes the tribological performance. 
Table 2 shows the optimal generated desirability of the 
response with solution No. 1 selected as the predicted 
optimal by 84 % desirability. 
 
Table 2: Optimal solution generated for response 
RF SS PTemp PT wr µ Desir. 
 
14.283 500.000 827.747 150.000 0.974 0.405 0.838 Selected 
14.300 499.999 828.556 150.000 0.974 0.405 0.838 
 
14.240 500.000 828.217 150.000 0.976 0.405 0.838 
 
 
Confirmation test were conducted three times to validate 
the predicted optimal process parameters in order to verify 
the MOO analysis. Fig. 3 shows that the percentage error of 
the response (wr, µ) are within the range of 1.2 to 3.5%. 
The topography of the worn surface is characterized as 
relatively smooth mild wear without formation of cracks 
and craters. Also, the formation of oxide layer on the wear 
surface is represented as a brownish dark layer on AMC 
sample. However, it is viewed as the whitish scale profile 
as seen in Fig. 4 (a). 
 
 




(a)                                          (b) 
Fig. 4 (a) Wear surface morphology and (b) frictional 
performance for optimized Al6061-SiCp composite 
 
This layer serves as a protective surface which improves the 
abrasion and adhesive resistance. Moreover, the layer acts 
as a coating shield protecting against excessive wear and 




The optimum input process factor that achieved 
optimized tribological performance of Al6061-SiCp 
composite are 14 wt% RF, 500 rpm SS, 828 °C PTemp and 
150 s PT. These conditions achieved a wr of 0.974 x 10
-5 
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